Objective: The present study aims to examine the longitudinal relationship between hearing loss (HL) with depression in older adults over 12 years of follow-up.
| INTRODUCTION
Hearing losses (HL) are common amongst older adults, with up to onethird aged over 65 experiencing HL. 1 Hearing loss substantially contributes to burden of disease 2, 3 by increasing disability. 4 Poorer quality of life 5, 6 and mental health have also been reported amongst those with HL. 4, 7 Older adults with HL experience less emotional vitality (ie, less personal mastery and more psychological symptoms), 8 and increased anxiety symptoms. 9, 10 Concomitantly, older adults with HL also report lower levels of happiness and self-efficacy than those without HL. 8, 11 Given that HL has been shown to significantly impinge upon the mental well-being of older adults, the extent to which HL might be related to depression has also been examined. Limited evidence to date indicates a cross-sectional relationship between HL and depression *See Appendix for the list of authors.
up over the 12-year period; 116 participants had died before the first follow-up and 1411 by the end of the 12-year period (for a detailed overview of 3C sampling and methods, see The 3C Study Group 24 ).
The study protocol was approved by the Ethical Committees of the University-Hospitals of Bicêtre and Nîmes (France), and written informed consent was obtained from each participant.
| Depression measures
The Mini International Neuropsychiatric Interview (MINI) 25 assessed current MDD diagnosis, according to DSM-IV criteria. The MINI is a standardized and well-validated diagnostic interview, which has been validated in France. 26 The MINI was administered at baseline, as well as at 7, 10, and 12 years. Prevalent cases were defined as current MDD at baseline, and incident cases were defined as those presenting with a new and current diagnosis of MDD at a follow-up visit.
Depression symptoms were assessed via the 20-item Centre for Epidemiology Studies-Depression Scale 27 at all follow-up points. The CESD is a well-validated and reliable self-report depression screening tool. The French version of the CESD has also been validated in a population of community-dwelling French adults. 28 Items are rated on a 4-point scale indicating symptom frequency in the past week, with higher scores indicative of greater symptom severity. Participants with a score ≥16 were classified as having depression symptoms. 29 
| Hearing measurement
Self-reported HL was assessed during standardized face-to-face interview administrated by trained psychologists or nurses at each followup time point. Hearing loss was determined by the response to the question "do you hear what is said in everyday conversation?" Participants were given 4 response categories (yes without difficulties; some difficulties hearing someone who speaks normally; difficulties hearing someone who speaks loudly; no/deafness). Mild HL was classified as self-reported difficulty understanding a conversation (normal or loud speaking), and severe HL was classified as self-reported deafness or inability to hear a conversation.
| Covariates
Sociodemographic and health-related information was collected during the standardized interview. These included education level (elementary, secondary, higher education), monthly income (<€760,
Key points
• The relationship between hearing loss and depression in older adults is unclear, and longitudinal examinations are rare.
• Older adults with self-reported HL were more likely to have depression symptoms and a diagnosis of depression.
• Over 12 years, mild and severe HL were associated with onset of depression symptoms, but not incident depression diagnosis. 
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| Statistical analysis
Sociodemographic and health characteristics were compared according to sensory loss using chi-squares and 1-way ANOVAs. Baseline associations between HL with both MDD diagnosis and depression symptoms (16+ CESD score) were examined using logistic regression analyses. The longitudinal associations between baseline HL and depression were examined using logistic mixed models. For each analysis, 3 models were undertaken to provide a more comprehensive understanding of the relative impact of psychosocial FIGURE 1 Flow chart of participants and physical health covariates on the HL-depression relationship.
Model 1 adjusted for sex, study centre, and age; model 2 further adjusted for known psychosocial covariates: education, income, marital status, and psychotropic medication; and model 3 also adjusted for physical health: functional ability, falls in past 12 months, hypertension, diabetes, smoking, alcohol, cognitive function (MMSE), and myocardial infarction. We also systematically searched for potential interactions between HL with sex, income, and education level. Analyses were conducted using SAS 9.4 (SAS Institute, Inc., Cary, NC).
| RESULTS
Of the 8344 participants with baseline hearing and depression data, 60.4% (n = 5043) were female and mean age was 74.2 (SD = 5.5)
years. At baseline, prevalence of mild HL was 30.7% (n = 2558) and 7.8% (n = 654) for severe HL. Those with HL were older, more likely to be male, less educated, more commonly a past smoker, and in poorer physical health on all assessed covariates (see Table 1 ). Baseline prevalence of MDD was 1.9% (n = 154) with a further 202 (2.2%) cases of incident MDD over 12 years. At baseline, 20.1% (n = 1679)
reported depression symptoms, with a further 1484 (22.3%) reporting onset of depression symptoms over follow-up. Both those with MDD and depression symptoms were more likely to be female, and unmarried (<.001). Those reporting depression symptoms also consumed more alcohol and had a lower income (<.001).
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| DISCUSSION
This study contributes to the currently limited and equivocal literature examining the longitudinal relationship between HL and depression.
Those with self-reported HL were more likely to have elevated depression symptoms and diagnosed MDD at baseline. Furthermore, mild and severe HL were also associated with incident depression symptoms over 12 years in those depression-free at baseline; however, HL was not related to incident MDD.
Consistent with prior findings, our results showed a significant cross-sectional relationship between HL and depression, 12, 13 and both mild and severe HL thresholds were related to elevated depression symptoms. Although differential relationships between HL and depression have been reported depending on how depression was assessed, 12 associations between HL and MDD diagnosis have been less commonly explored. 17 Our results showed that mild HL was associated with MDD diagnosis. Results for severe HL were in the same direction, however did not reach statistical significance. This may be due to a reduced statistical power owing to the lower numbers reporting severe HL.
Furthermore, our results contribute to the small and contradictory evidence regarding the longitudinal association between HL and depression. Previous longitudinal studies examining severity of depression symptoms have found no association between HL and depression, 10, 18 whereas difference in depression symptoms pre-HL and post-HL onset has been observed. 21 Our findings highlight a significant longitudinal association between HL with the presence of depression symptoms. Thus, HL appears to be related to the presence of elevated depression symptoms, rather than directly impinging on symptom severity.
Although an association between HL and incident MDD has been reported previously, 20 we did not find an association with MDD. Differences in findings might be explained by the older mean age of our sample, with some evidence suggesting a stronger relationship between HL and depression in younger ages. 19 Notably, although the result was nonsignificant, an increased OR for MDD was observed for severe HL. It is likely that due to the few cases of incident MDD, our lack of an association may be due to analyses being underpowered.
Our results further suggest that differences in prior findings are likely reflective of varying methods of assessing depression. We found that HL was associated over time with the presence of elevated symptoms, rather than depression diagnosis. The relationship with the presence of increased symptomatology but lack of an association with MDD might reflect that subsyndromal depression is more common in older adults than major depression, 32 with self-report depression measures (such as the CESD) frequently used in the sensory loss literature failing to distinguish between MDD and subsyndromal depression.
Notably, however, elevated depression symptoms or subsyndromal depression can result in poor outcomes including Furthermore, reductions in help-seeking 38 and increases in comorbid anxiety 10 might also contribute to the depression and HL relationship. given that those with baseline depression were excluded from longitudinal analyses, it appears that the HL-depression association extends beyond only self-reporting bias. Although relationships remained significant after adjustment for cognitive functioning, the extent to which underlying cognitive decline might have influenced self-report HL and the ability to hear a conversation cannot be fully ascertained. Furthermore, from this study, we cannot exclude the possibility that depression onset might have been a prodromal aspect of dementia.
| Strengths and limitations
However, given the dearth of longitudinal studies of HL and depression, our findings contribute valuable insight, although ongoing research with objective assessments of HL would be invaluable to corroborate such associations.
Although a CESD cut-off score of 16 has empirical support, there is also debate as to the most appropriate cut-off score (see Vilagut et al 44 ) . Different thresholds may result in differences in findings.
Major depressive disorder was assessed only at 3 time points; thus, additional MDD cases that may have occurred and remitted between assessments were not included. Our MDD results were also likely underpowered, especially for severe HL, and we cannot be certain of the lack of associations. 
